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Abstract 
The study presents a Computational Fluid Dynamics (CFD) numerical study for two different models of mini channels, included 
in plate heat exchangers structure. The influence of geometric characteristics of the two studied plates on the intensification 
process of heat transfer was studied comparatively. For this purpose, it was examined the distribution of velocity, temperatures 
fields and distribution of convection coefficient along the active mini channel. The analyzed mini channels had the inclination 
angles of 30° respectively 60° and the Reynold flow number was 3500. Also a session of experimental measurements have been 
carried out on the two types of analyzed plates for the heat exchangers, confirming the results obtained through numerical 
simulation that the plate heat exchanger model using mini channels with inclination angle of β = 60ᵒ provides best heat transfer. 
©2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Heat exchangers were studied intensively in the last years [1-3] in order to increase the reliability and the performance 
of these devices. The efforts have focused in the increase of the heat flux in this type of devices. This direction led to the 
apparition of smaller channel dimensions. The small channels are classified by dimensions as follows [4]: less than 0.1 
μm they are called nano-channels, from 0.1 μm to 10 μm they are known as transitional channels, from 10 μm to 200 
μm as micro-channels, from 200 μm to 3 mm as mini channels, and > 3 mm are called conventional channels.  
It is quite obvious that over the past few decades and with the refinement of mini and micro fabrication 
techniques, the use of mini channels has become promising for a variety of industrial applications, [5]. Mini 
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channels continue to play an integral part in thermal management (microchip cooling, micro reactors) and energy 
systems (fuel cells, micro combustion) applications [6]. 
Mini channel cooling is a popular solution to high heat rejection requirements of today’s high power electronic 
devices. These systems are capable of discarding large heat loads while being relatively small in size. 
The traditional heat transfer performance can be improved by the use of the mini channel structure. The mini channel 
geometry and size have significant impact on the performance of heat exchanger. Therefore, there will be great 
significance to explore the optimal structure of the mini channel through the mini channel heat exchanger design [7]. 
The aim of the present work was to examine the influence of the geometrical parameters of the heat exchanger plates 
on overall heat transfer coefficient and the heat flux. For this purpose were studied two types of heat exchangers with 
different geometry of the mini channel formed between two adjacent plates. The two models were analyzed numerically 
using fluent software and in laboratory using an existing experimental setup for the plate heat exchangers.  
Nomenclature 
L length of the mini channel [mm] 
l  width of the mini channel [mm] 
H0  height of the mini channel [mm] 
p waiving step [mm] 
β inclination angle [ᵒ] 
t11, t12 inlet respectively exit temperature of the hot agent [
ᵒC] 
t21, t22 inlet respectively exit temperature of the cold agent [
ᵒC] 




v  volume flow rate of hot agent [m3/h] 
2
.
v  volume flow rate of cold agent [m3/h] 
η thermal efficiency [%] 
1
.
Q  heat flux given by the hot agent [W] 
2
.
Q  heat flux accepted by the cold agent [W] 
k overall heat transfer coefficient [W/m2K] 
Re Reynolds number 
2. Numerical Analysis 
The numerical study consists in fluid flow and thermal CFD numerical simulation of the heat transfer for two 
different types of mini channels. Having in mind the purpose of this study was to find the way in which the 
geometry of the plates is influencing the heat transfer between the plate and the fluid, and not the heat transfer from 
the hot agent to the cold one we made some assumption. It was considered that the cold fluid flows through the mini 
channel. Also the plate have a constant temperature, that of the hot fluid. 
The Re number for the studied flows based on stream wise mean velocity and equivalent diameter of the flow 
cross section was 3500. 
CFD analysis for each studied model was conducted on a small part of the heat transfer area of both mini 
channels. From previous studies, we concluded that the work fluid should be distributed evenly over the entire area 
studied. For this, were introduced two moderation areas (1 and 3 in Figure 1), one at the entrance and one at the exit 
of the plate, [8, 9]. 
In this way the phenomenon of pushing the fluid in the inlet and outlet areas is avoided. Based on this 
observation the geometric models under study were modeled, as shown in Figure 1. 
2.1. Geometrical description 
The mini channels were obtained by over layering corrugated plates, stacked together in order to form the flow 
channel. Plate dimensions are: length of the plate L = 40 mm, width l = 20 mm, waiving step p = 10 mm, height  
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H0 = 0.5 mm. The difference between models is represented by the inclination angle (β), thus in Figure 1 are 
presented the two geometries 1a. for β = 30ᵒ, 1b. for β = 45ᵒ. The models were modeled in the program Solid Works 
2011 and were imported into ANSYS, where the geometrical discretization of the model was realized. 
  
Fig. 1 Geometric models  a) β = 30ᵒ b) β = 60ᵒ 1 – inlet area, 2 – heat transfer area, 3 – exit area 
2.2. Numerical model and boundary conditions  
Considering a three dimensional flow of water through the mini channels of the heat exchanger plates shown in 
Figure 1 and a constant heat flux being applied at the plates we start the numerical modelling. We used SST k - ω 
turbulence model, because this turbulence model is well suited for simulating flow in the viscous sub-layer and to 
predict flow behavior in regions away from the wall [10]. This model is a complex one, a combination of two 
models (k - ω) and (k - ε), and has a function that activates model (k - ω) in the near wall areas where his behavior is 
better and (k - ε) model for central areas, thus permitting benefiting from the advantages of the two models into one. 
For the numerical simulation of fluid flow and heat transfer in the mini channels we made the assumption that the 
studied cases are steady state. 
For the boundary conditions we have imposed symmetry conditions for the flow channel up/down and left / right. 
The temperature of the plate is considered constant on the whole length of the channel. The velocity of the working 
fluid is considered constant in the inlet cross section of channel, for a flow rate of the cold fluid of 1.6 m3/h. Also, 
the inlet temperature of the fluid is the same throughout the cross section of the entrance channel. The cross sections 
of the flow channel at the input or output, are considered constant pressure and evenly distributed. The fluid was 
considered incompressible.  
The, inlet temperature of hot agent t11 = 61 ᵒC, the inlet temperature of the cold agent t21 = 7.8 ᵒC and plate 
temperature tp = 40 ᵒC 
The radiation heat transfer was considered negligible, and we imposed constant solid and fluid properties. 
Based on these assumptions, the governing differential equations for fluid flow and heat transfer in the unit cell 
are solved by ANSYS Fluent. 
2.3. Geometrical discretization 
As we already stated, the analyzed geometric patterns were modeled in Solid Works, then imported in Ansys 
Fluent where was created the geometric mesh. Meshing of a 3D domain is usually done with tetrahedral, hexahedral, 
triangular prisms (wedges) quadrilateral pyramids, [11] or irregular polyhedral. 
During calculation, the routine of solving the system of equations generated must "know" which adjacent cells to 
each cell are, or which of the nodes, edges and faces are common to two or more cells [12].  
This information is stored in the matrix of connections. If the nodes are arranged in a regular, matrix connection 
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required. For complex geometries, when nodes were irregularly distributed, the matrix of connections is required, 
and the network is called unstructured [13]. As the unstructured mesh network can be adapted according to 
intermediate results of the calculation, it can be refined (close-growing) or thinning in some areas as we consider as 
necessary [14]. 
Considering the above, we chose tetrahedral element for meshing geometric patterns, requiring a total of 
approximately 13.8 million cells for each model, being coarse in entrance areas and output and refined in the area of 
heat transfer, as shown in Figure 2.  
The SIMPLE algorithm is used for pressure-velocity coupling [15]. Using the SST k - ω turbulence model, the 
near-wall modelling of the flow was resolved down to the viscous sublayer [16]. Values of y+ close to 1 are most 
desirable. In the literature is suggested to enforce the analytical solution in all points in the wall computational grid 
for which y+  is at least 2.5 [17]. The results also show that, in general, the error is the largest when the first cell 
center is located in the region 5 < y+ < 11, despite the use of correct boundary conditions. In our case the wall y+ 
was less than 2.2 all over the computed domain. 
  a 
 
   b 
 
Fig. 2 Mesh detail a) β = 30ᵒ b) β = 60z, up: isometric view, down: longitudinal section 
2.4. Results and discussion 
The results obtained through numerical simulation in the two studied cases are reflecting the fact that velocity 
vector field of the liquid flow decompose on the flow directions, giving a different movement to the fluid layers 
which are mainly oriented within the curled zones following waved form of the channels created by overlapping the 
plates (Figure 3). 
Also, it is noted that the central layer of the working fluid follows the length of the flow channel formed between 
the two plates throughout their effective length. The layers of fluid in the vicinity of the wall plates follow especially 
the inclined profile in the direction of the channel by the inclination angle β after which intersect and mix with the 
rest of the fluid, favoring the formation of vortices in the fluid agent. 
      
Fig. 3 Vector velocity field a) β = 30ᵒ b) β= 60ᵒ 
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It is noted that in both cases the main stream of fluid is following the profile of wavy areas, which leads to 
creating the turbulence zones in which the velocity has values of about 2.20 m/s and that is reflected in the 
intensification of heat transfer by increasing convection phenomenon. 
Figure 4 shows the temperature field in the liquid layer inside the mini channel for secondary working agent (the 
cold one). We performed the numerical analysis taking into account that through mini channels flows the cold fluid, 
with inlet temperature of 7.8 ᵒC (shown in the color map with dark blue), and the plates average temperature 
between inlet temperature of the hot agent and the cold agent, 40 ᵒC.  
      
Fig. 4 Temperature field a) β = 30ᵒ b) β = 60ᵒ 
During passage through the mini channels the fluid is taking heat from the plate. From the simulation flow for 
cold fluid through channels it appears that the best heat transfer is achieved for the model with angle β = 60 ᵒ, the 
working fluid warming by approximately 13ᵒC. It is noted that for the mini channel case with 60ᵒ inclination angle, 
the area occupied by the fluid, is larger than in the case of the channel with 30ᵒ inclination angle. 
Analysis of the convection coefficient on the plate (Figure 5) shows that the highest values are recorded in 
narrow areas of the flow channel, reflecting a pronounced heating of the working agent in these areas due to vortex 
occurring in the fluid in this areas of narrowing of the passage section.  
      
Fig. 5 Distribution of convection coefficient along the channel a) β = 30ᵒ b) β = 60ᵒ 
The coefficient α show the highest values for the model-plate with inclination angle of β = 60ᵒ, the values of 6500 
W/m2K in the entrance area (represented by the color blue in map of color) values of up to 3500 W/m2K in output 
areas (dark blue). According to the results obtained the mean convection coefficient has a value of 5250.74 W/m2K. 
According to the results obtained from numerical analysis, for a volume flow rate of cold fluid of 1.6 m3/h, inlet 
temperature of hot agent t11 = 61 ᵒC, the inlet temperature of the cold agent t21 = 7.8 ᵒC and plate temperature tp = 
40 ᵒC is noted that the model-plate with inclination angle of 60ᵒ presents the best results.  
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3. Experimental results 
The experimental research focused on the study of mini channels used in the plate heat exchanger with gaskets. 
The aim was to establish the influence of geometrical configuration of the channel model used, on the performance 
of the device, in order to establish constructive geometry of the channel that provides the best performance 
indicators of the device, respectively a global coefficient of heat transfer as high as possible. 
Experimental investigations were conducted on a plate heat exchanger testing stand, equipped with pressure, flow 
and temperature sensors for both circuits that allow values reading from the general electrical panel of the stand.  
During testing for this two types of mini channels were maintained constant values of the following parameters: 
the inlet temperature of the working agents and volume flow rate of hot agent. 
Was establish the gradually increasing of volume flow rate for cold agent between (1.6 ... 2.3) m3/h with up to 
0.1 for a set of measurements. 
Heat flux given by the hot agent is directly proportional to the temperature difference between inlet and output 
temperature of this agent, so its variation, shown in Figure 6 is continuously increasing. Figure 6 shows that the 
highest values of primary heat flux up to 23704 W, is recorded by the exchanger that have mini channel with 
inclination angle β = 60ᵒ, when were constant t11 = 66.1ᵒC, t21 = 7.8ᵒC  and  
.
1v = 0.707 m3/h. 
     
Fig. 6 Variation of heat flux given by the hot agent in function of temperature difference 
Variation of heat flux received by the cold agent depending on volume flow rate is shown in Figure 7. Note that, as the 
hot agent transfer heat, will be taken more quickly at the beginning of the transfer due to the large temperature difference 
between agents work, after which it decrease gradually due to reduced of the heat capacity of taking by the cold agent.. 
The values of heat flux received by the cold agent in case of mini channel with β = 30ᵒ, are situated in the range of 19180 
and 19800 W, while for the mini channel with β = 60ᵒ the values are higher between 20800 and 21600 W. 
     
Fig. 7 Variation of heat flux received by the cold agent in function of volume flow rate of the cold agent 
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The measurements made on the two types of heat exchangers, with different mini channel, show an increase of 
thermal efficiency with increasing flow rate of the cold agent, its values falling within the range (96.4 ... 97.8)%, 
which demonstrate the effectiveness of these devices. Again, the best results were obtain by the heat exchanger that 
have mini channel with inclination angle β = 60ᵒ, as shows in Figure 8. 
     
Fig. 8 Variation of thermal efficiency in function of volume flow rate of the cold agent 
In figure 9 is represented the influence of volume flow rate and inclination angle of mini channel on the overall 
heat transfer coefficient (k), with values between 1310 and 1650 W/m2K for mini channel with β = 30ᵒ respectively 
between 1830 and 2777 W/m2K for mini channel with β = 60ᵒ. According to the chart, for each model analyzed, 
there is a proportional increase of overall heat transfer coefficient with increasing mass flow. The geometric model 
with the largest value of inclination angle submit the working fluid to more abrupt changes in the velocity and in 
flow direction, thus increasing the vortex and heat transfer. 
     
Fig. 9 Variation of overall heat transfer coefficient in function of volume flow rate of the cold agent 
4. Conclusions  
This paper presents a numerical study CFD type and an experimental one over the mini channels of heat 
exchangers. For this study were designed two models of mini channels with 30 and 60 degrees value of inclination 
angle.  
After both the experimental analysis as well as the numerical of the two different models of mini channels tested, 
it appeared that the geometry of the plate significantly affects the flow of fluids through channels formed between 
the plates, highlighting the performance of thermodynamic characteristics of these devices. 
Plates heat exchanger model using mini channels with inclination angle of β = 60ᵒ provides best heat transfer. 
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The trend is that in terms of heat transfer is recommended to use geometries with a bigger value for inclination 
angle, because the heat transfer is more intense. This is due to changes that appear in agent flow velocity which 
leads to turbulence formations. 
Measurements on both heat exchangers equipment indicates an increase in thermal efficiency, its values being in 
the range (96.4 ... 97.8)% for the 60° case having better values, which highlights the effectiveness of these devices. 
The overall coefficient of heat exchange, for plate configurations tested, has a tendency to increase with 
increasing of volume flow rate, with values between 1310 and 2777 W/m2K. 
Acknowledgements 
This work was supported by the grants of the Romanian National Authority for Scientific Research, CNCS – 
UEFISCDI, project number PN-II-PT-PCCA-2013-4-0569 - Innovative strategies of HVAC systems for high indoor 
environmental quality in vehicles. 
References 
[1] H.Y.Zhang, M.J.Li, B.X.Wang, Application of microchannel heat exchanger in the household air-conditioning, Heating Ventilating And Air 
Conditioning( HV &AC), 39 (2009). 
[2] Xiaoguang Xu, Experimental and Theoritial Investigation on Pressure Drop and Heat Transfer Flow Boiling in Microehannel Nanjing 
University of Science & Teehnology 6(2009). 
[3] Rongshui Rao, J. Cheng, Applied Research of Microchannel heat exchanger on the air conditioner, Refrigeration And Air - Conditioning, 09 
(2009). 
[4] Satish G. Kandlikar, William J. Grande, Evolution of microchannel flow passages thermohydraulic performance, Proceedings of IMECE2002 
ASME International Mechanical Engineering Congress & Exposition November 17-22,  New Orleans, Louisiana (2002) 
[5] S.K. Yener, M. Avelino, T. Okutucu, Single-phase Forced Convection in Micro- channels –a State-of-the-art Review, Kluwer Academic 
Publishers, (2005) 1-24. 
[6] Md. Jane, Alam Khan, Md. Rakibul Hasan, M.A.H. Mamun, Flow behavior and temperature distribution in micro-channels for constant wall 
heat flux, 5th BSME International Conference on Thermal Engineering, , 56 (2013) 350-356. 
[7] Y. Hana, Y. Liua, M. Lia, J. Huang, A review of development of micro-channel heat exchanger applied in air-conditioning system,, 2nd 
International Conference on Advances in Energy Engineering (ICAEE2011), Energy Procedia, 14 (2012) 148-153. 
[8] Giurgiu O., Opruta D., Bode F., P. A., Influence of geometrical parameters on the performance of plate heat exchangers with gaskets, 3'd 
International Conference Low Temperature and Waste Heat Use in Communal and lndustrial Energy Supply Systems Theory and Practice, 
Bremen, Germania, (2012) 92-98,. 
[9] Giurgiu Irimieş O., F. Bode, D. Opruța, Study regarding the influence of the crimping angle on the performances of the heat exchangers, 
International Conference Experimental Fluid Mechanics, Hradec Kralove, Cehia, (2012) 297-303. 
[10] A. Meslem, F. Bode, C. Croitoru, I. Nastase, Comparison of turbulence models in simulating jet flow from a cross-shaped orifice, European 
Journal of Mechanics B/Fluids, (2014). 
[11] Z.N. Zhao, Effects of the corrugated inclination angle on heat transfer and resistance performances of plate heat exchangers, Petro-Chemical 
Equipment, 5 (2001) 2-3. 
[12] I. Ghosh, S.K. Sarangi, P.K. Das, An alternate algorithm for the analysis of multistream plate fin heat exchangers, International Journal of 
Heat and Mass Transfer, 49 (2006) 2889-2902. 
[13] www.fluent.com - Fluent Users Guide. 
[14] A. Meslem, F. Bode, I. Nastase, O. Martin, Optimization of lobed perforated panel diffuser: Numerical study of orifice geometry, Modern 
Applied Science, 6 (2012) 15. 
[15] F. Bode, I. Nastase, C. Croitoru, Mesh Dependence Study Using Large Eddy Simulation of a Very Low Reynolds Cross-Shaped Jet, 
Mathematical Modelling in Civil Engineering – Scientific Journal, 7 (2011)  
[16] F. Bode, K. Sodjavi, A. Meslem, I. Nastase, Numerical prediction of wall shear rate in impinging cross-shaped jet at moderate Reynolds 
number, Scientific Bulletin - University Politehnica of Bucharest, Series D: Mechanical Engineering, 76 (2014) 8. 
[17] D.C.Wilcox, Turbulence modelling for CFD. La Canada-California: DCW Industries Inc. 536 (1993). 
 
 
